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Figure Page Two launch conditions were selected: Charge M4A2 Zone 4/quadrant elevation 533 mils and proof charge PXR6297/quadrant elevation 1100 mils. An M109A1 with a yaw inducer was used for the Zone 4 rounds, while an M198 with a standard muzzle brake was used for the PXR6297 rounds. All of the rounds tested were stable, and no single configuration displayed flight characteristics that were superior to the other configurations. During this test, small sample sizes were used and were intended to identify the presence of gross flight instabilities. Further aeroballistic testing will be required when a final selection of the agent system is made. Only low viscosity liquid simulants (Ethanol/Freon 113) were utilized for the present test. The use of higher viscosity simulants could dramatically change the flight performance of any of the configurations that were tested. stability of the projectile system. Reference 2 documented unstable flights, but details of the canister configurations were omitted. A partial description of the hardware is extracted from pages 1-5 of Reference 2. "The projectiles were assembled with dual canisters and expelling charges. Eight of the short canisters (the forward canisters) were thin wall in design with plastic liners. Eight of the short canisters were thick wall design without plastic liners. The 16 long canisters (the rear canisters) were of thick wall design. The projectiles were equipped with mechanical time fuzes (mostly M577 fuzes)." Dramatic flight instabilites occurred for most of the "thick wall short canister" projectiles when fired with charge M4A2 Zone 7 at 500 mils quadrant elevation (QE). A second firing was made using M3A1 Zone 4 at 1100 mils for the two same designs. Results indicated that the "thick walled" shell were stable, while "radar data indicated a slight instability" for two of the "thin walled" shells. The short canisters were filled with N-PropylBromide? while the long canisters were filled with N-Butyl-Acetate* Details such as the internal dimensions of the canisters were not provided in the test report and could not be traced.
During these early test programs, 1 " 7 a dudding problem with the M577 fuze was postulated. In response to this concern, a yawsonde/vibration package was built and tested, but no anamolous flight behavior was observed. 8 The canister design was probably the "thin wall" type, but new simulants were used. (See Reference 8 for details.)
Hardware designs for the IVA concept have usually involved canisters with unequal internal diameters as opposed to the 155mm M687 GB system where the canisters have equal internal diameters (Fig. 1) . Since stability analyses for liquid-filled shell are normally restricted to cylinders of a single diameter, gyroscope models were tested to investigate the effects of unequal internal diameters. 9 The canister geometry for the M687 was selected by using the inviscid Stewartson theory 10 and applying the viscous corrections of Wedemeyer.
11
These analyses indicate that the liquid moment can become large (and destabilize the projectile) if the fast precessional frequency of the yawing motion is dangerously close to certain of the natural frequencies (eigenfrequencies) of oscillation of the liquid. If the liquid is spinning as a rigid body, the natural frequencies depend principally upon the aspect ratio of the cylinder (height/diameter), the fill ratio, and the Reynolds number. For the case of a cylinder with unequal diameters, an average aspect ratio can be derived using the total height and the volume. This average aspect ratio was used with the Stewartson-Wedemeyer theory to design and evaluate the gyroscope experiments. 9 The data suggested that the average aspect ratio concept could not adequately predict the motion of the gyroscope and should only be used for rough engineering approximations.
Interest in the IVA unequal internal diameter concept continued, and a series of yawsonde-instrumented tests were conducted by the BRL at the Transonic Range Facility, Aberdeen Proving Ground, MD.
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A description of the projectile hardware and a round-by-round summary are provided in Tables 1 and  2 , respectively. No flight instabilities were observed. A-type shell contained canisters with a 0.793 cm (5/16 inch) wall thickness, while B-type shell had 0.635 cm (1/4 inch) wall canisters.
FMA is defined as the first maximum angle of yaw and is determined as half of the first peak-to-peak excursion in Sigma N. FMA is taken only as a measure of the first maximum yaw level.
c Yaw induction (YI) with a modified muzzle brake with full (12.7 cm) side plates.
III. TEST PROGRAM
A. Hardware.
A cutaway view of an M687 projectile showing the metal payload canisters and the plastic liners is shown in Figure 1 . Figures 2-4 are sketches of the three canister concepts that were tested at DPG, while Table 3 gives pertinent physical characteristics and a comparison with the standard M687 hardware. A simple design concept was applied to select the hardware dimensions: Adopt the M687 aspect ratio as a standard. Hence, all configurations had c/a approximately equal to 4.5. In cases where the front and rear canisters had unequal internal diameters, the average aspect ratio concept from Reference 9 was used. Concept A is essentially an M587. (Canisters with equal internal diameters were utilized, as well as the large spacer in the rear of the aft canister.) An all-steel rear canister was utilized (wall thickness of 0.953 cm r~.
cr: The German Village test range at DPG was utilized for this test. The M109A1 and M198 weapons were located side by side on the test pad to minimize the time required to relocate velocimeters and to reposition telemetry receiving antennas. DPG operated a modified Hawk radar. Only the Chg 4/W flights were successfully tracked over the entire flight path by the Hawk. The PXR 6297 flights have ranges beyond the maximum range capability of the Hawk. Radar data were not processed for this report. DPG personnel also set up and operated a ground receiving station for the yawsonde data. This station was located approximately 200m to the rear and 60m to the south of the weapons. A time-zero pulse from the gun was recorded, as well as a range IRIG-B time signal.
C. Characteristics of Yawsonde Data for the Test Conditions.
The data obtained by a yawsonde device are in the form of the complementary solar aspect angle (Sigma N) and the spin. Sigma N is the complement of the solar aspect angle, which is the angle between a vector drawn to the sun and the spin axis of the projectile. Local excursions in Sigma N are a measure of the yaw about the trajectory. Spin data are in the form of the time derivative of the Eulerian roll angle (f) of the shell. $ is a good approximation to the spin when the angular motion is small. However, oscillations are present in | histories, and the mean of these oscillations is considered to be the spin. Hence, the I data are simply labeled as spin. At various times during the downrange flight, the yaw data transmission may be poor due to nulls in the radiation pattern of the yawsonde antenna. The noise results in a temporary loss in data. All of the yawsonde units were configured in the shape of a standard fuze. 13 
William H. Mermagen and Wallace H. Clay, "The Design of a Second Generation Ycodsonde," BRL Memorandum Report No. 2368, April 1974 (AD 780064).
Two launch conditions were tested and the details of the yawsonde data will be different at each condition. Projectile in-flight motion is usually characterized by an oscillatory behavior with two distinct frequencies: fast precession (8-20Hz) and slow precession (1Hz). For a Chg 4 launch, a standard muzzle oreak was modified to induce yaw at launch. The motion generated by such a launch typically consists of half fast and half slow precession. A measure of the launch disturbance can be obtained by the maximum excursion in o^ first observed after launch. Half of this first maximum amplitude (FMA) is often taken to be equivalent to the first maximum yaw that the projectile experiences. For a stable flight this initial yaw disturbance will decay, and a small amplitude, slow precessional motion should result. For rounds launched with the proof charge PXR6297 a standard muzzle brake is required. Due to the supersonic launch condition and the standard muzzle brake, the yaw history will be radically different from the low velocity launches. The first portion of the trajectory will have very small angular motion, but small slow precessional motion will occur when transonic/subsonic velocities exist. This will ta<e place on the upleg at approximately 15-30 seconds. Apogee will occur at approximately 45-50 seconds. Subsequent to the summital maneuver, slow precessional motion will increase as the nose of the projectile seeks to follow the trajectory. The projectile will then gain speed and become supersonic prior to impact. This will result in a reduction of the amplitude of the slow precessional motion. A small amplitude fast precessional motion may occur along the trajectory, and such motion should probably be attributed to the liquid payload. The main purpose of these preliminary yawsonde tests is to determine if fast precessional motion is present and if that motion damps or is amplified by the liquid payload.
A round-by-round summary of the program is given in Table 4 . Several of the yawsondes did not perform properly. Data were lost on several flights as indicated in Table 4 . Also, many of the data transmissions were quite noisy, resulting in a poor resolution of the yawing motion.
D. PXR6297/QE=1100 Mils Data. Figures 5a and 5b give the yaw and spin data for Round A4. Figures 6a and 6b provide similar data for Round A5. Expanded plots of the yaw for Round A5 are given in Figures 6c and 6d . The fast precessional mode is approximately 24Hz with an amplitude of less than 0.5 degrees. Data for Round C6 were quite noisy, but are provided in Figures 7a and 7b . The yaw data during the 80-100 second-time frame may not be correct due to the noise, and an expanded plot (Fig. 7c) does not resolve the issue. Data for Round D4 are given in Figures 8a and 8b. E. CHG4W/QE=533 Mils Yaw Induced. (Figs. 12a, 12b, 13a, 13b ), but data were not obtained during the early portions of the trajectory. 
IV. CONCLUSIONS
No unstable flights were observed for any of the canister configurations that were tested. The yawsonde data were not excellent in quality, but no irregular flight behavior was observed. Further testing will be required if the IVA liquid components have substantially different kinematic and mass properties than the simulants used during this test.
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